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========

The LHCb detector \[[@CR10], [@CR11]\] is a single-arm forward spectrometer covering the pseudorapidity range $\documentclass[12pt]{minimal}
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Particularly relevant for this analysis is the identification of the different species of charged hadrons, which mainly relies on the information of two ring-imaging Cherenkov detectors. The first one covers the low and intermediate momentum region 2--40$\documentclass[12pt]{minimal}
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Photons, electrons and hadrons are identified by a calorimeter system consisting of scintillating-pad and preshower detectors, an electromagnetic calorimeter and a hadronic calorimeter. Muons are identified by a system composed of alternating layers of iron and multiwire proportional chambers. The online event selection is performed by a trigger \[[@CR13]\], which consists of a hardware stage, based on information from the calorimeter and muon systems, followed by a software stage, which applies a full event reconstruction. At the hardware trigger stage, events are required to have a muon with high $\documentclass[12pt]{minimal}
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Samples of simulated events are used to model the signal mass and decay-time distributions. In the simulation, *pp* collisions are generated using [Pythia]{.smallcaps}  \[[@CR15], [@CR16]\] with a specific LHCb configuration \[[@CR17]\]. Decays of hadronic particles are described by [EvtGen]{.smallcaps}  \[[@CR18]\], in which final-state radiation is generated using [Photos]{.smallcaps}  \[[@CR19]\]. The interaction of the generated particles with the detector, and its response, are implemented using the [Geant4]{.smallcaps} toolkit \[[@CR20], [@CR21]\] as described in Ref. \[[@CR22]\].

Development of the same-side taggers {#Sec3}
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Evaluation and calibration of mistag probability {#Sec4}
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A higher tagging power can be obtained from the combination of the SScomb tagger with the OS tagger. The OS tagger is the combination of various OS tagging algorithms using electrons and muons from semileptonic decays of $\documentclass[12pt]{minimal}
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Validation and systematic uncertainties {#Sec7}
=======================================

A possible dependence of the calibration parameters of the SS taggers on properties of the event sample is checked by repeating the calibration after splitting the data according to the data-taking conditions (magnet polarity), global event properties (total number of reconstructed tracks, number of primary vertices) or according to the kinematic properties of the $\documentclass[12pt]{minimal}
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The portability of the mistag calibration, from the training data sample to other data samples and other $\documentclass[12pt]{minimal}
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Several sources of systematic uncertainties on the calibration parameters are studied and the associated uncertainties are reported in Table [6](#Tab6){ref-type="table"}. Uncertainties related to the mass model and background unfolding procedure are assessed by repeating the calibration replacing the sWeights derived in the fit to the mass distribution of all $\documentclass[12pt]{minimal}
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Uncertainties related to the decay-time acceptance model are assessed by changing the number of nodes in the cubic splines from six to nine and are found to be negligible. A negligible uncertainty is associated to the decay-time resolution model. The mistag model uncertainties are assessed by comparing the calibration parameters derived in the nominal fit and those derived in fits with the mistag probability binned in categories. Five, seven and nine bins are tested and the largest observed variation of the parameters is taken as a systematic uncertainty. Differences between the results of the two implementations of the time-dependent fit are due to the dependence of the mistag probability on the decay time. Pseudoexperiments are generated where the mistag probability has the same dependence on time as in data and are fitted with the two approaches. The difference in parameters is similar to or smaller than that observed in data.Table 6Systematic uncertainties on the calibration parameters of $\documentclass[12pt]{minimal}
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The inclusion of charge-conjugate processes is implied throughout the paper, unless otherwise noted.
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